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, $C_{M}=E[cM]$ $c_{c}=E[cc]$ . ,
$c_{M}+c_{c}=k_{s}+k_{b}$ .




Fig. 1 Possible realization of software warranty period.
42
( ) $\tau_{Lc}(>0)$ ,
#. $\mathrm{E}l_{\sim}^{-}-\mathrm{k}^{\backslash },\text{ }$ $\mathrm{P}\mathrm{R}\mathrm{w}\mathrm{S}(\mathrm{F}\mathrm{R}\mathrm{w}\mathrm{S}\ovalbox{\tt\small REJECT} \text{ _{}t_{\sim}\mathrm{A}^{\mathrm{a}}}arrow \text{ _{ ^{}\rho}\text{ }}\triangleright$ f$\overline{\underline{=}}ffi\psi-\sim\sim\backslash \text{ ^{ } _{ } }$ $\mathrm{x}_{\backslash }\iota \text{ }\iota \text{ ^{}\{}\wedge \mathrm{f},\mathrm{t}3\mathrm{i}^{-}\mathrm{g}\mathrm{e}$ $\check{\mathit{0})-}$
100p% $(0 \leq p\leq 1)$ SU , SM .
[7] ,
. {X $(t),$ $t\geq 0$ } $t$
( ) , FRWS PRWS ,
$t\in[0, T]$ $t\in(T, T_{L}c]$ . , FRWS PRWS , $X(t)=x$
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(A 1) , FRWS, PRWS
. . ,
$\mathrm{E}[V_{x}]=\alpha_{1}x+\beta_{1}$ , $(0\leq x\leq T, \alpha_{1}\geq 0, \beta_{1}\geq 0)$ .





, $a(>0)$ $b(>0)$ ,
1 . (A 1) (A 2) , SM SU
,
$C(T)$ $=$ $k_{0}T+k_{R} \{a(\frac{\alpha_{1}}{b}+\beta_{1})(1-\exp(-bT))-\alpha_{1}aT\exp(-bT)\}$
$+(1-p)k_{G}\alpha_{2}a(\tau\exp(-bT)-\tau_{L}c\exp(-bTLC))$
$+a( \frac{\alpha_{2}}{b}+\beta_{2}-\alpha 2T)(\exp(-bT)-\exp(-b\tau_{L}C))\}$ , (10)
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1 $(\mathrm{S}\mathrm{M}):(\mathrm{I})D>0$ .
(1) $q(\mathrm{O})<0$ $q(T_{L}\text{ })>0$ , $q(T)*=0$ –
$T_{SM^{*}}$ , $T_{L}$ $\leq D/(k_{R}\alpha_{1}b)$ $0<T_{SM}$ $<$ TL ,
$0<\tau_{s}M*<D/(k_{R}\alpha_{1}b)$ .
(2) $q(\mathrm{O})\geq 0$ , $T_{SM^{*}}=0$ , SM FRWS .
(3) $q(\tau_{LC})\leq 0$ , $T_{SM^{*}}=T_{Lc_{\ovalbox{\tt\small REJECT}}}$ , SM PRWS
.
(II) $D\leq 0$ , $\tau_{SM}*=0$ .
2 $(\mathrm{S}\mathrm{U})$ : $V_{PR}^{SU}Ws(\tau)$ $T$ , SU
Tsu*=TL .
, SU $Csu(>0)$ , SM
.
$0 \leq T\leq\min_{\tau_{L}C}C(T)$ (15)
subject to $\{T|V_{PR}^{SU}Ws(\tau)\leq C_{SU}\}$ .
,
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$-[_{-}$ , $C(T)$ $T$ 2
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$F_{\mathrm{e}}(t) \equiv\frac{1}{\gamma_{1}}.\int 0\overline{F}(t\tau)d\tau$. (27)
, Ozbaykal [9] .
$M(t) \approx\frac{t}{\gamma_{1}}-F_{\mathrm{e}}(t)+\int_{0}^{t}[1 - p_{\mathrm{e}}(t-\tau)]d\mathcal{T}$. (28)
, Batholomew [10]
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( $4.3\rangle$
$M(t)=, \sum_{k=1}^{\infty}F(k.)(t)$ (29)
, $(F^{(k)}(t), k\geq 2)$
. , , $F(t)$ 2
$F^{(k)}(t),$ $k\geq 2$ . Smeitink
and Dekker [12] Coxian-2 . $(\alpha, \lambda)$
$Fc_{\mathrm{I}}(t)$ .
$F_{G}(t)= \frac{1}{\Gamma(\alpha)}\int_{0}^{t}e^{-\lambda\tau}\lambda\alpha d\tau^{\alpha-1}\tau$, $t\geq 0$ . (30)
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, $\Gamma(\cdot)$ . $n$ $F_{G}^{(n)}(t)$ $(n\alpha, \lambda)$
, .
$n_{G}$
$M(t) \approx F(t)+\sum_{n=2}Fc(n)(t)$ . (31)






\mbox{\boldmath $\sigma$}2 $F(t)$ . (31) $n_{G}$ $\epsilon$ ,
$n$ .
$\frac{Fc^{(n)}(t)Fc(t)}{1-F_{G}(t)}\leq\in$ . (34)
, , $F^{(n)}(t)$ .
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, $jd\leq t\leq jd+d(j=0,1,2, \cdots, n-1)$ ,
$b_{j}=F^{(k)}(jd)/d-dc_{j}/6$ . (37)
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$c_{j}(j=0,1,2, \cdots, n)$ , $(jd, F^{(k})(jd))(j=$
$01,2,$ $\cdots,$ $n)$ 3 . ,
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$F(t)=1- \exp\{-(\frac{t}{\theta})^{\beta}\}$ . (38)
$p$ $-$ $\beta=1.8,$ $\theta=2.4$ ,
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Fig. 3 Behaviour of the expected total warranty cost.
(renewal case)
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Table 1 Software warranty based on the exponential software growth model.
Table 2 Linear approximation.
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Table 3 Ozbaykal approximation.
Table 4 Gamma approximation.
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